The current study examined the interaction of inhibitory control and social pressure on young children's memory suggestibility. Children were administered the Video Memory Suggestibility Scale for Children (VMSSC) and batteries of inhibitory control tasks, and were exposed to different levels of situational social pressures during interviews for memory suggestibility. The findings indicated that inhibitory control played a significantly moderating role in the relationship between social pressure and memory suggestibility. The greater the inhibitory control, the lower the effects of social pressure on the memory suggestibility of children. For the children with lower levels of inhibitory control, the social pressure positively predicted memory suggestibility; but for the children with higher levels of inhibitory control, the social pressure didn't significantly predict memory suggestibility. So, to a certain extent, memory suggestibility may be a dynamic integration of stable trait and fluctuating state elements. The implications for the essence of memory suggestibility were discussed.
Introduction
Memory suggestibility refers to a person's susceptibility or resistance to misleading information. In the last decade, children's memory suggestibility research has focused more on individual differences that moderate susceptibility to suggestion. Instead of examining the circumstances in which memory suggestibility occurs and age differences in memory suggestibility, individual difference research has been concentrating on the cognitive and psychosocial factors that underlie memory suggestibility. Recent research focusing on factors that influence a child eyewitness's memory suggestibility have indicated that cognitive and psychosocial factors may together affect children's responses to suggestive questions [1] [2] . Some endogenous and exogenous factors that have important effects on memory suggestibility were compared in the previous studies. Finnila et al. [3] examined the impact of endogenous and exogenous factors on children's memory suggestibility with BTSS (Endres, 1997), and found that exogenous factors have a greater influence than endogenous factors. Moreover, when children were asked abuse-related questions or interviewed by using social pressured interview techniques, the influence of endogenous factors became insignificant. But to the contrary, some researchers suggested that cognitive factors have a greater impact on memory suggestibility than social factors [2] [4] . Although the interaction of endogenous and exogenous factors on memory suggestibility and memory accuracy is surely existent, the findings just indicated that the interaction of age and exogenous factors on young children's memory suggestibility was significant. It is currently recognized that the effects of cognitive and exogenous factors on the memory suggestibility of children are equally important, but to date, no study has explored the interaction of cognitive and exogenous factors on children's memory suggestibility.
Regarding the cognitive development of children, researchers found that the relation between executive function and memory suggestibility are usually negatively correlated [5] - [7] . Inhibitory control, which refers to an individual's ability to suppress a prepotent response or to inhibit task-irrelevant thoughts on his/her own initiative in order to achieve goals of cognition or behavior, is a central component of executive function [8] . There is evidence that improvement of inhibitory control and consistent individual differences in memory suggestibility all emerge at approximately the same time, that is, between 3 and 5 years of age [9] - [11] . A study has been designed to investigate 51 3-to 7-year-olds' memories about stressful events (inoculation) and the relation between memory suggestibility and inhibitory control, and the results revealed that inhibitory control was a significant predictor of children's memory errors and memory suggestibility [5] . Inhibitory control is likely to cause the irrelevant stimuli to be ignored and to reduce children's sensitivity to interferential stimuli; accordingly, children's memories may be retrieved effectively. Scullin and Bonner (2006) [12] found that the reliability of the Video Suggestibility Scale for Children (VSSC) was affected by children's inhibitory control, and those children whose inhibitory control was significantly developed possessed more stable and consistent memory suggestibility. The individual differences in inhibitory ability predicted children's provision of inaccurate information [13] . Lack of inhibitory control may lead to limited encodings of relevant stimuli, and thus may greatly weaken children's memories of some events, resulting in higher levels of memory suggestibility.
Overall, most of the previous studies supported the conclusion that there was a close relationship between memory suggestibility and inhibitory control, while some results were inconsistent [2] . Researchers used two empirical studies to explain 4-year-old children's individual differences in memory suggestibility, and the findings indicated that there was no significant correlation between children's resistance to misleading questions and their inhibitory control [14] . Melinder et al. [6] found a negative relation between performance on their inhibitory control task and false affirmatives to misleading questions in a sample of 3-to 6-year-old, but noted that about half of the children reached ceiling on the task. In addition, that the inhibitory control tasks were not diverse enough, at times using a single task [12] [15] , also resulted in an inconsistent relationship between memory suggestibility and inhibitory control.
Social pressure is one of the most important exogenous factors which influence children's memory suggestibility [12] [16] . Strongly positive or negative feedback was provided after children answered each question in social pressured interviews. Currently, research in this area has mainly involved examining children's memories of details of medical examinations or social pressured situations, through which children's memory suggestibility was analyzed. The previous findings revealed that an individual's high level of arousal was closely related to high memory suggestibility [16] . Levine and Burgess [17] have demonstrated that compared with the children in low-social pressure group, the children in high-social pressure group recalled fewer target events and showed higher memory suggestibility to misleading questions. But there was evidence of the positive role of social pressure in resistance to suggestions [18] . In addition, some results showed that there was no correlation between social pressure and false recall [5] . The extant research has not yet provided a clear conclusion about the influence of social pressure on children's memory suggestibility. We speculated that the different findings probably reflected different or unclear definitions of cognitive abilities. Because the cognitive abilities and social experiences of individuals (either of the same or different ages) are varied, their perceptions and endurance in the face of social pressure will reveal differences in degree. Once an individual's cognitive ability reaches a cer-tain level, it may grant immunity to outside pressure. However, when researchers studied the effects of outside pressure, they often wrongly assumed that there was a linear correlation between age and children's perceptions of social pressure, and this ignorance of an individual's real cognitive abilities led to inconsistent results and subjective conclusions.
Dose an intrinsic association exist among children's memory suggestibility, inhibitory control, and social pressure? It is possible that there is an interative effect of inhibitory control and social pressure on memory suggestibility [12] . Karpinski and Scullin [19] suggested that children with executive function deficits may be especially vulnerable to social pressure from an interviewer, and even when controlling for age, children with better executive function were overall less suggestible in social pressured interviews. Our hypothesis was that inhibitory control would play a significant moderating role in the relationship between social pressure and memory suggestibility.
Method

Participants
A total of ninety-one 3-to 5-year-old, recruited from Experimental Kindergarten in Beibei of Chongqing, participated in the formal study, including thirty-one 3-year-old (16 boys and 15 girls, mean age = 42.38 months), thirty 4-year-old (14 boys and 16 girls, mean age = 55.07 months), and thirty 5-year-old (13 boys and 17 girls, mean age = 65.43 months). All children participated only after parental consent had been granted.
Materials
Language Proficiency
Because of the low level of language development in 3-year-olds, a language proficiency test was needed to choose the children who could take part in the formal study. A cartoon picture was shown to the child, and then one interviewer pointed the picture and told a short story about the main plot. After that, the interviewer asked the child whether he/she had understood and could repeat the plot. If the child had understood the story correctly and could repeat the plot fluently, he/she was considered as having passed the test.
Inhibitory Control
Hand Game. Children were informed that they would play a hand game with the interviewer. The interviewer asked the children to mimic the interviewer's hand motions. That is, when the interviewer held out a palm, the children were also to hold out a palm. Likewise, when the interviewer held out the back of a hand, children were also to hold out the back of a hand in the same way. After the first 2 practice trials, children received feedback (right or wrong). This was followed by 6 test trials without further feedback. Then, the interviewer asked the children to do the opposite motion. That is, when the interviewer held out a palm, the children were to hold out the back of a hand. Likewise, when the interviewer held out the back of a hand, children were to hold out a palm. After the first 2 practice trials, children received feedback (right or wrong). This was followed by 6 test trials without feedback. Scores of the second test trials in which the interviewer asked children to do the opposite motion were recorded. Scoring was as follows: 0 = incorrect response or changing incorrect response to the correct, 0.5 = correct response but delayed 3 seconds, and 1 = immediate correct response. Coder agreement was 100%.
Day/Night. This Stroop-like task is one of the most classic inhibitory control tasks [20] [21] (Gerstadt et al., 1994; Carlson & Moses, 2001 ). First of all, the interviewer verified that children associated the sun with day and the moon with night. Then, the interviewer asked the children to say "day" when shown a black card depicting the moon and stars, and to say "night" when shown a white card depicting a yellow sun. During the practice trials, children were shown two sorts of cards. If the children answered incorrectly, the interviewer repeated the rules and if necessary repeated the practice trials no more than 5 times. Subsequently, children received 16 test trials without feedback in random order. Scores were recorded according to children's answers and the time elapsed. Scoring was as follows: 0 = incorrect response, 0.5 = correct response but delayed 3 seconds, and 1 = immediate correct response. The total score ranged from 0 to 16. Coder agreement was 100%.
Rabbit/Wolf. Similar to the classic Bear/Dragon task [21] - [23] , children were required to selectively suppress commanded actions in the Rabbit/Wolf task. To begin with, the interviewer asked children to imitate 10 actions. Then, she introduced two puppets-a "cute rabbit" and a "ferocious wolf" and instructed children to do what the rabbit asked them to do but not to follow the wolf's commands. If a child followed the rabbit's commands and ignored the wolf's commands, he/she passed the practice trials. If a child made a mistake on the wolf practice, the interviewer repeated the rules and inquired the child what he/she should do separately when the rabbit or the wolf commanded him/her to do something. The interviewer provided feedback on the child's response in order to clarify the rules of this task. This was followed by 10 test trials (5 rabbit trials and 5 wolf trials in random order) in which children were not given feedback. Children were reminded the rules after finishing 5 test trials regardless of performance. The scoring rule for wolf trials was as follows: 0 = a full commanded movement, 1 = a partial commanded movement, 2 = a wrong movement, 3 = no movement. The scores of all wolf trials ranged from 0 to 15. Whereas, the scoring rule for rabbit trials was just the opposite of wolf trials. The scores for all rabbit trials also ranged from 0 to 15. The total score ranged from 0 to 30. Coder agreement was 97%.
Memory Suggestibility
The memory suggestibility test consisted of a 6-minute and 51-second video of the cartoon Shuke and Beita and of a subsequent interview about the video. The video's plot was interesting and engaging, and had not been seen by the children in this study. The interview contained 16 closed-ended probe questions. Of all these questions, 8 were non-misleading questions, which mainly examined children's memory accuracy, and 8 were misleading questions, which mainly examined children's memory suggestibility. Half the correct answers of the non-misleading questions were "Yes", and half were "No". All the correct answers of the misleading questions were "No". Sixteen questions were administered for two versions distinctively which were counterbalanced across children. The misleading questions in version 1 were designed to be non-misleading questions in version 2; on the contrary, the non-misleading questions in version 1 were designed to be misleading questions in version 2. The Cronbach's alpha coefficient of the 16 items was 0.84.
Design
A 3 (Age: 3-vs. 4-vs. 5-year-olds) × 2 (Level of social pressure: High vs. Low) mixed design was used where age varied between-subjects and level of social pressure was within subject variable. Meanwhile, inhibitory control was manipulated as a moderating variable and memory suggestibility was a dependent variable.
Procedure
Before the formal test, a pre-test trial was carried out among other children in the kindergarten. When the formal test started, three children were taken into a quiet room by an experimenter and told that they would watch a cartoon together. In order to prevent children from discussing the cartoon with each other, which would interfere with the attention and understanding of the cartoon, the children were reminded before the experiment started, "Boys and girls, we'll watch an interesting cartoon about a big cat and a small rat, and you are expected to watch carefully and quietly and not to ask any questions until the end of the cartoon…" Then the segment of the cartoon Shuke and Beita was screened by the experimenter, after which the children were asked whether they had seen the cartoon before, and those children who said that they had seen it were excluded. Then children were tested individually. Three other experimenters took a child separately to a quiet room for the next interview. First of all, the experimenters played the hand game (i.e., one of the inhibitory control tasks) with children and recorded their scores. Regardless of the performance of children, encouragement and praise were given to them. The hand game lasted approximately 2 minutes. Then, the non-misleading and misleading questions about events in the video were asked and social pressured feedback of different levels was provided to children. Specifically, in the low-social pressure feedback situation, children were given negative feedback after half of the questions were asked, independent of whether the child answered correctly or not; and in the highsocial pressure feedback situation, children were given positive feedback after every incorrect answer and negative feedback after every correct answer. a) Low Social Pressure Feedback: First, children were asked half of the questions (i.e., 4 non-misleading questions and 4 misleading questions), following which children received mild negative feedback (e.g. "You missed a few questions. Let's go through them again and see if you can do better this time."). Children were given a score of 1 (i.e., Yield score) if they responded affirmatively to a misleading question before they received the mild negative feedback from the interviewer. Yield scores ranged from 0 to 4. Then, the interviewer repeated the questions to examine whether children changed their initial answers. Changes in response from the initial non-misleading and misleading questioning were all given a 1 (i.e., Shift score), permitting a possible range of 0 to 8. Thus, total scores of Yield plus Shift ranged from 0 to 12. A score for total memory suggestibility in this low-social pressure interview was created by (Yield scores + Shift scores)/12. b) High Social Pressure Feedback: Children were asked the other half of the questions (i.e., 4 non-misleading questions and 4 misleading questions) after the low-social pressure interview. The positive or negative feedback was provided by the interviewer following the child's specific response to each question. For example, when a child responded affirmatively, he/she was praised with positive feedback such as "Good job, you're so helpful!" before the next question was asked. Children were given a score of 1 (i.e., Yield score) if they responded affirmatively to the initial misleading questioning. Yield scores ranged from 0 to 4. When a child denied that an event had occurred in the video after a question was initially asked, the interviewer told the child that other kids said the event had presented in the video and instructed him/her to think hard again. Then the interviewer repeated the question. If the child changed the initial answer and responded affirmatively, he/she received a score of 1 (i.e., Shift score) and positive feedback (i.e., "Good job!") from the interviewer, and then the interviewer moved on to the next question. Shift scores ranged from 0 to 8. If the child responded negatively once more, the interviewer moved on to the next question without feedback. If the child responded to a misleading question affirmatively before feedback was provided, it was not asked again, so there was no possible Shift score for this question. Therefore, total scores of Yield plus Shift ranged from 0 to 8. A score for total memory suggestibility in this high-social pressure interview was created by (Yield scores + Shift scores)/8.
After the entire memory suggestibility test, encouragement and praise were given to children regardless of their performances. If a child responded "yes" or "no" to all of the questions during the interview, he/she received a "response bias" test which included two questions (i.e., "Are you sitting on the chair?" "Are you at home now?"). The experimental data was considered invalid and excluded if the child answered "yes" or "no" to both questions.
Following that, some collective games were played to help the children relax, and then the other two inhibitory control tasks (i.e., the "Day/Night" and "Rabbit/Wolf" tasks) were administered by experimenters. The sequence of the two tasks were counterbalanced across subjects. Each child was tested by an interviewer and was recorded by two other experimenters at the same time. At the end of the experiment, all the children received positive feedback and small gifts. The entire experimental process was taped.
Results
Preliminary analyses indicated that there were no significant sex differences for any of the variables (p > 0.05).
Therefore, we did not analyze sex effects further.
Hierarchical regression analyses predicting total memory suggestibility In order to comprehensively explore the impact of endogenous and exogenous factors on children's memory suggestibility, inhibitory control, social pressure and age were treated as independent variables, while, total memory suggestibility was treated as dependent variable for hierarchical regression analyses.
A multicollinearity test was carried out during the regression analyses. The results showed that the tolerance was beyond 0.77, the variance inflation factor was below 1.30, and the condition index was below 14.00 for all of the independent variables, which indicated there was no multicollinearity problem among the independent variables. As shown in Table 1 , when total memory suggestibility was the dependent variable, social pressure, inhibitory control and age all entered into the regression equation, predicting children's total memory suggestibility, and the total explanatory power was 58%, in which social pressure was an extremely significant positive predictor (β = 0.54, p < 0.001), explaining 29% of memory suggestibility variation. Inhibitory control was an extremely significant negative predictor (β = −0.46, p < 0.001), explaining 28% of memory suggestibility variation, and age was also a significant negative predictor (β = −0.13, p < 0.05), explaining 1% of memory suggestibility variation. It was noticeable that the effects of social pressure and inhibitory control on memory suggestibility were much more significant than that of age, and therefore, it was necessary to further investigate the relation of social pressure, inhibitory control and memory suggestibility.
The moderating effects of inhibitory control on the relation between social pressure and memory suggestibility
The current study sought to examine whether or not inhibitory control played a moderating role in the relation between social pressure and memory suggestibility after controlling for age by administering hierarchical regression analyses. In order to control for the effects of age, we performed a three step regression analysis.
Step 1, with age alone as a predictor, resulted in a significant model (p < 0.001), with an R 2 of 0.15. Then the addition of social pressure and inhibitory control in Step 2 produced a significant model (p < 0.001), and increased the R 2 to 0.58. Finally, in order to examine the moderating role of inhibitory control, we included an additional variable for the interaction between social pressure and inhibitory control (i.e., the interactive variable) in Step 3, which also resulted in a significant model (p < 0.001), with an R 2 increased to 0.70. A multicollinearity test was carried out during the regression analyses. The results showed that the tolerance was beyond 0.77, the variance inflation factor was below 1.30, and the condition index was below 14.20 for all of the independent variables, which indicated there was no multicollinearity problem among the independent, moderating and interactive variables. As shown in Table 2 , the results revealed that the interactive variable was a significant predictor for memory suggestibility (β = −0.34, t = −8.26, p < 0.001), that is, the moderating effect of inhibitory control on the relation between social pressure and memory suggestibility was significant. Because the regressive coefficient was below zero, we can see that the influence of social pressure on memory suggestibility gradually diminished as the level of inhibitory control rose.
In order to visually show the moderating effects of inhibitory control on the relationship between social pressure and memory suggestibility, children were divided into a low inhibitory control group (i.e., one standard deviation below the mean) and a high inhibitory control group (i.e., one standard deviation above the mean). This made it possible to indicate the effects of social pressure on memory suggestibility under different levels of inhibitory control.
When the social pressure varied from a low to high level, the memory suggestibility of children in the low inhibitory control group displayed a linear upward trend. Further analyses showed that for the children with poor inhibitory control skills, memory suggestibility was positively predicted by social pressure (β = 0.73, t = 7.87, p < 0.001); but for the children with good inhibitory control skills, memory suggestibility was not significantly predicted by social pressure (β = 0.23, t = 1.64, p > 0.05), that is, their memory suggestibility did not change significantly and remained low regardless of the levels of social pressure (Figure 1). 
Discussion
This study examined the interactions between endogenous and exogenous factors by integrating the effects of inhibitory control, age and social pressure on memory suggestibility. Regression analyses indicated that social pressure and inhibitory control were equally important predictors of memory suggestibility. Scullin and Bonner [12] proposed that inhibitory control might affect the consistency of memory suggestibility in different social pressure situations. Children who have poor executive function may be more suggestible in social pressured interviews [19] . Based on previous research, we hypothesized that inhibitory control may be a moderator in predicting memory suggestibility during the social pressured interview, and the effect of inhibitory control on the The correlative coefficients of the independent variable (social pressure), the moderating variable (inhibitory control) and the interactive variable (social pressure × inhibitory control) were checked, and the results indicated that the correlative coefficient between the moderating and interactive variables was excessively large (r = 0.95 > 0.8), which made it impossible to affirm whether the interactive variable was a significant and positive predictor. So the independent and moderating variables were each subtracted from their respective means, and the two results were multiplied. relation between social pressure and memory suggestibility was investigated by hierarchical regression analyses which controlled for age. Further analyses demonstrated that for those children with lower levels of inhibitory control, memory suggestibility was positively predicted by social pressure; specifically, those children's memory suggestibility significantly increased in high-social pressure situation, whereas their memory suggestibility significantly decreased in low-social pressure situation. But for those children with higher levels of inhibitory control, memory suggestibility was not significantly predicted by social pressure; that is, whether children received high social pressure or not, their memory suggestibility was not likely to change significantly. Inhibitory control seems to be a protective factor, playing a decisive and protective role in the stability of memory suggestibility. There are two primary ways to examine memory suggestibility: one is to directly explore the effects of different situations and the other is to explore individual differences. These two methods are generally used separately from each other. Ultimately, the question remains: "Is memory suggestibility a state or a trait?" An individual's memory suggestibility is essentially related to anxiety, intelligence and personality. Individuals with poor cognitive skills, chronic anxiety and introverted character were more suggestible during interviews [24] , which seemingly suggested memory suggestibility was a stable individual difference. However, this study concludes that "inhibitory control plays a moderating role in the relation between social pressure and memory suggestibility." This indirectly demonstrates that memory suggestibility should not be simply seen as a state or a trait, because memory suggestibility was affected both by relatively stable internal factors and by variable external factors. Baxter has proposed that the hypothesis that memory suggestibility is a trait neglected to note or take into consideration the decisive role that different situations played in bringing out different responses from the same individuals. The memory suggestibility of child witnesses was not only correlated with individuals' traits, but also with the circumstances of the interview [25] .
Here, we need a clear understanding of the essence of memory suggestibility. Researchers suggested that memory suggestibility was a structure similar to a trait [26] [27]. Lehman and colleagues (2010) [27] investigated the memory accuracy and memory suggestibility of 4-and 6-year-old in a two-year longitudinal study, and reported that young children's stability of memory suggestibility was very poor across time. Older children's memory suggestibility was more stable than younger children [26] . Therefore, the mechanism of memory suggestibility for different ages may vary. The memory suggestibility of young children hasn't formed a stable trait structure, showing a stative quality, while older children's memory suggestibility gradually transitions from an unstable state to a stable trait. Certainly, further work is needed to explore whether there may be a critical phase during which children's memory suggestibility changes qualitatively. Once memory suggestibility forms a stable trait structure, it's not completely invariable and is likely to be affected by endogenous and exogenous factors from time to time. For example, a child with a low level of inhibitory control tends to be more suggestible than others, but this child will not always be more suggestible. When the child is not affected by external stimuli or the stimulus is small, his/her state of memory suggestibility is not significantly different from a child with a low level of memory suggestibility. However, when external stimuli lead to strong changes in the cognitive or emotional state of this child (e.g., high social pressure leads to tension and anxiety), he/she will tend to be more suggestible than a child with a low level of memory suggestibility. Thus, we speculate that memory suggestibility is a dynamic integration of stable trait and fluctuating state elements. Indeed, this speculation needs validating and fleshing out in further research.
Memory suggestibility is an important research project related to developmental psychology and social psychology. Memory suggestibility research must use cognitive neuroscience to carry out in-depth interdisciplinary research from the three dimensions including development, social cognition and the brain, and to explore the nature and operational mechanism of memory suggestibility for children in different age groups. This study uncovers the interaction between the typical endogenous and exogenous factors on memory suggestibility, and it attempts to ameliorate the defects of earlier studies which partially examined the separate effects of endogenous or exogenous factors. Nevertheless, our current research has just taken a small step in the integrated domain, and further work is needed to classify the various endogenous and exogenous factors, construct rational models, and standardize the research materials.
